Introduction
============

The HIV epidemic, directly and indirectly, puts a high burden on human societies which cannot be easily estimated due to its several complicated factors. With increasing the prevalence of HIV infection Gross domestic product (GDP) is reduced ([@ref1]). HIV/AIDS is a serious health threat for prisoners in many countries and it causes major challenges for prison and public health authorities and national governments. Worldwide, the levels of HIV among prisoners tend to be much higher than in the population outside. Prisons are considered as an important source of transmission and spread of HIV and other blood-borne diseases ([@ref2]). Over the past two decades several studies have demon strated the role of prisons in the spread of blood-borne infections such as HIV and viral hepatitis ([@ref3]--[@ref8]).

Globally, around 16 million people inject drugs form whom three million are living with HIV and based on available evidences the most important reason for the rapid spread of HIV in such places is the use of shared needles and syringes among injecting drug users (IDUs) ([@ref9]).

The high risk behaviors in prisons which pave the way of HIV transmission are not just limited to shared needle injection; the prisons provide a ground for other high risk behaviors that may lead to blood-borne diseases. In numerous studies, some high risk behaviors during imprisonment have been reported to be very common. Some behaviors like homosexuality and tattooing are more common in prisons than normal societies yet, compared with using shared needles; they have received less attention ([@ref10]).

The common response of policy makers in countries with HIV epidemic among IDUs is to concentrate on public training and raising awareness to prevent using illicit drugs and high risk sexual relationships. In addition to training, Harm Reductions is considered as a pragmatic approach to prevent HIV. Using these two approaches, i.e. training and raising awareness concurrent with Harm Reduction interventions, Iran has been able to make a good response against HIV in general population and especially in prisons ([@ref11]). The current status of HIV/AIDS in Iran (based on the registered records of Islamic Republic of Iran from the beginning) can be demonstrated as follows: by the end of 2011, a total of 24,290 people infected with HIV/AIDS had been identified from which 93.5% were male and 6.5% were female. Among the total registered cases in the country since 1984, the share of common causes of HIV infection has been as follows: shared drug injection 69.6%, Sexual Transmission 10.5%, Mother-To-Child Transmission (MTCT) 1 percent, and Unknown 17.9% ([@ref12]).

As it was noted, in the second half of 1990s some HIV infection epidemics in Iran's prisons were reported and based on the reports by Ministry Of Health (MOH) and UNAIDS the HIV epidemic was expended in prisons in these years ([@ref13]). Based on the available evidences, HIV/AIDS has become prevalent in prisons mostly through the use of shared needles in IDUs ([@ref14]). It is estimated half of prisoners in Iran are imprisoned due to drug-related crimes ([@ref15]). According to a study, about 11.6% of the prisoners in Iran are IDUs ([@ref16]).

Harm Reduction is a health-centered approach which is the main key for controlling HIV among IDUs; it is aimed to reduce the harms of high risk behaviors like intravenous drug injection and to change these behaviors to less harmful methods and behaviors ([@ref17]).

Harm Reduction programs are selected as the main strategy for controlling HIV in Iran's prisons. The administration of Methadone Maintenance Therapy (MMT) and the establishment of Triangular Clinics are two main Harm Reduction activities that are convincingly administered in Iran's prisons. Triangular clinics in prisons provide several services for prisoners including: counseling and training about HIV/AIDS and other STIs, Harm Reduction and MMT services, and treatment of STIs. Accordingly, administration of MMT and prisoner's access to Triangular Clinic services had extended quickly with a high coverage during the period 1999 to 2011. These services are presented in order to reduce the spread of HIV and other blood-borne diseases in prisons. This study was carried out to examine the prevalence of HIV and its association with Harm Reduction interventions in Iran prisons during a 13- years period (1999--2011).

Materials & Methods
===================

Assessing the milestones through the establishment of sentinel sites is one of the conventional methods for monitoring HIV/AIDS. The data collected from sentinel sites have a special value for observing and monitoring the trends. In Iran, Prison Organization together with MOH design and administer sentinel sites in prisons annually. The sentinel sites are chosen by technical committees whose members are from Prison Organization and MOH. Based on available statistics of Prison Organization the total number of prisons in Iran which changed from 227 in 2006 to 242 Prisons in 2011; the prisons and prisoners in each prison are selected randomly. Based on conditions it is tried to establish sentinel sites in all parts of the country and provinces and in all major prisons. Samples are selected randomly form all groups of prisoners. About 150 to 400 samples were randomly examined in each sentinel site. However, in small prisons and sometimes for other reasons the number of samples might become more or less than this number. Sometimes some small jails were merged together to form a sentinel site. Samples were randomly selected from the list of all prisoners in each ward or prison. The trained people selected the participants and filled up the questionnaires and took samples after counseling prisoners and taking their consent to enroll in the study. If a prisoner was reluctant, he was not enrolled and no samples were taken.

The main variables which were investigated included age, gender and the possible way of transmission. In all these sentinel studies, first the study objectives for described for the participants and after taking their informed consent, the samples were taken. The samples were anonymously sent to a laboratory for ELISA test and positive ELISA cases were then confirmed by Western Blot. After collecting data, the results collected from sentinel sites were sent to the Center for Disease Control of the MOH and Prison Organization. This study includes all the data collected from sentinel sites established in all prisons of Iran from 1999 to 2011.

In addition, the data about the major interventions conducted in this period of time including prisoners MMT and Triangular Clinics in prisons were collected in both absolute and cumulative forms. The collected data included the number of people under the coverage of MMT and the number of triangular clinics. Data and information regarding the expansion of MMT and Triangular Clinics in prisons were received from the Health Statistics and Information Management Department in Prison Organization.

To analyze the data, firstly the trend of HIV prevalence in prisons and also the trend of expanding the interventions were described. Then, the HIV prevalence and confidence interval of prevalence among Iran prisoners were calculated for each year. Variable transformation was used to describe the variables better and to depict a graph showing the logical relationship between the simultaneous decrease in prevalence of HIV and an increase in the trend of interventions. The logarithm of the number of established triangle clinics in prison and the number of prisons accessing MMT services were used to show the changes in variables. To evaluate the correlation between the prevalence and each of the administered interventions in prisons the Pearson Correlation Coefficient Test was used for the second half of the mentioned time period.

Results
=======

Based on the conducted study, a number of 551 sentinel sites were established in Iran's prisons during the 13 years and in this check points 212,475 prisoners were evaluated and tested. [Table 1](#T1){ref-type="table"} presents the number of sentinel sites, the number of inmates who were tested, HIV prevalence, and the Confidence interval for HIV prevalence in prisons of Iran from 1999 to 2011.

As shown in [Table 1](#T1){ref-type="table"}, the maximum prevalence happened in 2002 (3.83%) and the minimum prevalence in 2011 (1.28%). Data in [Table 1](#T1){ref-type="table"} shows that the HIV prevalence in Iran had an increasing trend from 1999 to 2002, so that 3.83 percent of prisoners in Iran were HIV infected in 2002. The HIV prevalence remained stable from 2002 to 2005. With implementation of Harm Reduction and interventional programs, the prevalence of HIV in Iran's prisons gradually decreased from 2005 to 2011, so that it reached the minimum level of 1.28% in 2011. Two most important and effective interventions that have been carried out are: 1- Initiation and expansion of MMT. The program only covered 100 people in 2002 while it covered 38,256 people in 2011; 2- Setting up Triangular Clinics in prisons: the Triangular Clinics were set up in only one prison in 2001 while they were set up in 125 prisons in 2011.

###### 

HIV prevalence in prisons of Iran (1999--2011)

  Year   No. of sentinel site   No. Of person who were tested   Positive cases   HIV Prevalence (%)   95 CI% for HIV prevalence
  ------ ---------------------- ------------------------------- ---------------- -------------------- ---------------------------
  1999   11                     3,334                           52               1.56                 1.14 - 1.98
  2000   17                     5,239                           95               1.81                 1.45 - 2.17
  2001   37                     15,612                          487              3.12                 2.84 - 3.4
  2002   43                     18,715                          717              3.83                 3.56 - 4.1
  2003   51                     19,684                          547              2.78                 2.55 - 3.01
  2004   51                     20,379                          622              3.05                 2.81 - 3.29
  2005   58                     21,025                          682              3.24                 3 - 3.48
  2006   57                     20,896                          592              2.83                 2.61 - 3.05
  2007   52                     19,403                          331              1.71                 1.53-1.90
  2008   46                     18,863                          379              2.01                 1.82-2.22
  2009   44                     16,390                          252              1.54                 1.36-1.74
  2010   41                     16,466                          225              1.37                 1.20-156
  2011   43                     16,469                          210              1.28                 1.13-1.48

MMT is one of the main Harm Reduction activities in Iran's prisons that have received a lot of investment and budget allocations. Based on the data collected from MMT Department in Health office of Prison Organization ([Table 2](#T2){ref-type="table"}), the coverage of MMT program in Iran's prisons had an increasing trend from 2002 to 2011, so that MMT program has become accessible for all provinces in Iran since 2007. Based on the data presented in [Table 2](#T2){ref-type="table"}, MMT program was introduced only in one of the prisons in Iran in 2002 while five years later in 2007 the MMT interventional program was expanded to all provinces.

###### 

Expanding methadone maintenance therapy (MMT) in prisons of Iran, 1999-2011

  Year   No. of MMT prisons coverage   Cumulative frequency of provinces that provide MMT   Cumulative frequency of prisoners that receive MMT
  ------ ----------------------------- ---------------------------------------------------- ----------------------------------------------------
  1999   0                             0                                                    0
  2000   0                             0                                                    0
  2001   0                             0                                                    0
  2002   1                             1                                                    100
  2003   3                             3                                                    300
  2004   20                            17                                                   1400
  2005   40                            26                                                   2800
  2006   54                            27                                                   8040
  2007   116                           30 (all provinces)                                   19539
  2008   142                           30 (all provinces)                                   25407
  2009   154                           30 (all provinces)                                   25000
  2010   159                           31 (all provinces)                                   28826
  2011   164                           31 (all provinces)                                   38256

Another important Harm Reduction activity for controlling HIV/AIDS was the introduction and expansion of Triangular Clinics. These clinics were introduced to Iran's prisons in 1999; Triangular Clinics had been set up in all prisons in Iran by 2001 to provide main services including counseling and training, Harm Reduction, and HIV/STI related services. [Table 3](#T3){ref-type="table"} shows the trend of developing and expanding Triangular Clinics in Iran's prisons.

###### 

Number of prisons and provinces which established triangular clinics (VCT services)

  Year   Cumulative freq. of prisons which have Triangular Clinics   Cumulative freq. of provinces which have Triangular Clinics   Cumulative freq. of provinces which have Triangular Clinics (%)
  ------ ----------------------------------------------------------- ------------------------------------------------------------- -----------------------------------------------------------------
  1999   0                                                           0                                                             0
  2000   0                                                           0                                                             0
  2001   1                                                           1                                                             3.3
  2002   16                                                          11                                                            36.6
  2003   28                                                          20                                                            66.6
  2004   41                                                          20                                                            66.6
  2005   51                                                          28                                                            93.3
  2006   75                                                          30 (All Provinces)                                            100
  2007   105                                                         30 (All Provinces)                                            100
  2008   118                                                         30 (All Provinces)                                            100
  2009   128                                                         30 (All Provinces)                                            100
  2010   133                                                         31 (All Provinces)                                            100
  2011   128                                                         31(All Provinces)                                             100

As shown in [Table 3](#T3){ref-type="table"}, the coverage of the Triangular Clinics services in all 30 provinces had reached 100 percent by 2006. Following the national territorial divisions, a new province (Alborz Province) was introduced; all large prisons in this new province have triangular clinics.

Based on the results of statistical tests, there is a significant correlation between increasing MMT centers in Iran's prisons and reducing the HIV prevalence from 2002 \[ρ = - 0.62 with *P*=0.001\]. Besides, there is a significant correlation between increasing the number of Triangular Clinics providing VCT services and reducing the incidence of HIV in prison from 2002 \[ρ = - 0.51 with *P* = 0.016\].

Graph 1 shows the relationship between the decreasing trend of HIV prevalence and the administered interventions. As shown in the [Fig. 1](#F1){ref-type="fig"}, with increasing the interventions --- which reached the maximum in 2004 and 2005 --- the trend of HIV prevalence started decreasing.

![Trend of interventions and HIV prevalence in Iran's prisons (1999--2011)](IJPH-43-471-g001){#F1}

Discussion
==========

Based on the results of current study the trend of HIV prevalence in Iran's prisons from 1999 to 2000 can be described as follows. In the early years, i.e. 1999 to 2000, HIV had an increasing trend; it mostly remained stable from 2002 to 2005 and since 2005 it has started a decreasing trend. The main interventions including MMT and Triangular Clinics had been introduced and expanded since 2002, and since 2006 and 2007 these services have become available in most of prisons in Iran. The coverage of interventions has become stable since 2007 and it has been tried to increase the quality of services since then.

The increasing trend of HIV and the maximum level of HIV prevalence had happened in Iranian prisons during 2002 to 2005 when HIV was spreading in the country. During that time the prevalence of HIV in general populations was about 0.1% to 0.2%. In our study, the maximum prevalence was 3.83% in 2002 which was 19 times more than the prevalence in general population. Overall, the first cases of HIV/AIDS epidemics in Iran were started among IDUs in Iran's prisons. As a result, the primary spread of the disease in prisons led to the spread of HIV/AIDS in Iran. The first alarms for the spread of HIV rose in prisons among IDUs, however the early responses were not up-to-date and satisfactory. In that time, based on MOH protocols HIV positive prisoners were quarantined. Due to this strategy and, also the lack of Harm Reduction programs in prisons, the increasing trend of HIV prevalence in Iran's prisons which had started from the second half of 1990s lasted until the early years of 2000s; while HIV was spreading with an alarming speed, the interventional activities were adopted with a delay ([@ref18]). After understanding the danger, the quarantining strategy was stopped also prisons started interventional activities, the rapid growth of HIV infection was dropped and from 2002 until 2005 the HIV prevalence was remained almost stable or had slight fluctuations. As it is obvious, because of the impacts of the increased coverage and the quality of Harm Reduction services the trend of HIV prevalence has started falling since 2005.

Analysis of the results of this study shows that the two main interventions (MMT and Triangular Clinics) in line with Harm Reduction services first dropped the increasing trend of HIV prevalence in Iran's prisons and then have made it reversed. Although based on a comparison in 2008 the prevalence of HIV among Iran's prisoners was eight times more than that among general population, it has decreased obviously compared with previous years. Concerning the epidemic stages of HIV/AIDS, we can say Iran is in Concentrated Epidemic stage, i.e. it is concentrated in IDUs as one of the high risk groups. Since many addicts often experience prison repeatedly, prisons are very high risk places. It is quite obvious that the high risk group of IDUs in Iran has had the biggest role in spreading HIV in the society and prisons. The estimations about the prevalence of drug abuse in Iran present significant numbers ([@ref16]). However, the most important fact is that about half of Iran's prison inmates are drug addicts from which 11.6% are IDUs ([@ref16]). Additionally, it has been reported that the prevalence of using shared needles and syringes among IDUs prisoners is 47.3% ([@ref16]).

One of the outcomes of this study is to present a 13-year trend of HIV epidemic in the prisons of Iran. There are few number of studies focusing on the prevalence of HIV in prisons in low and middle-income countries and most of effective and useful studies and researches are conducted in high income countries; the data in low and middle income countries are very limited and inadequate ([@ref19]). Even in high income countries it is difficult to estimate the accurate number of HIV infected prisoners and the reported HIV prevalence are usually limited to only a prison or a region and cannot accurately reflect the prevalence of HIV in all prisons of a country ([@ref19]). However, the data in the current study which is collected from annual data gatherings from sentinel sites in most of prisons in the country can demonstrate the real trend of HIV prevalence in Iran's prisons.

Our result is in line with other finding in other countries which reported higher prevalence in prisons than in general populations. Nevertheless, re-viewing the prevalence of HIV in prisons around the world has shown that HIV infection is a serious issue that needs further actions ([@ref20]). In terms of HIV prevalence among prisoners, in some cases our results shows higher prevalence of HIV in the country's prisons than in the general population. In a study among 623 prisoners at one of the Belize Central Prisons, the HIV test positivity rate was 4% ([@ref21]). HIV prevalence among prisoners in Austria was five times higher than the prevalence in the general population of the country ([@ref22]). HIV prevalence among prisoners in America has been reported to be five times higher than the prevalence in the general population ([@ref23]).

Overall, the reported prevalence rates in different prisons from different countries are diverse. In some prisons from different parts of the world, higher levels of HIV prevalence have been reported. Different studies have reported a various range of HIV prevalence in prisons on different countries: the HIV prevalence is reported zero among Scottish male inmates and Lowa prisoners ([@ref24]), 33.6% among adult prisoners in Catalonia, Spain ([@ref25]), and more than 50% among women in a correctional facility in New York ([@ref26]).

World Health Organization has recommended a comprehensive package including nine interventions for IDUs for many countries especially low and middle income countries; in this package four important and effective activities that can effectively reduce HIV prevalence are ([@ref27]):

Needle and syringe programs (NSP)/Medications-assisted Therapy (MAT)/Antiretroviral Therapy (ART) / HIV Counseling and testing (HCT) From the activities mentioned, NSP and MAT can decline injecting behavior. HCT or VCT reduce the risk of risky sexual behavior and ART can the risk of transmission through intravenous drug injection and also through sexual relationships. Iran has complied with these guidelines and provided a good coverage of these programs, particularly in prisons, and has been able to control HIV infection in prisons. In Spain, the impact of Harm Reduction programs, particularly NSP program, in reducing HIV infection in prisons has been proven ([@ref28]). Previous studies in Iran indicate that Harm Reduction programs are successful ([@ref17]).

Based on the results it can be concluded that setting up Triangular Clinics and Methadone Maintenance Therapy as the HIV/AIDS Control Strategies which are implemented in Iran's prisons following the WHO recommendations are highly efficient and they not only controlled the prevalence of HIV but also has led to its decreasing trend in prisons. It is recommended to continue and enhance these services and try to increase the quality of services in Iran. In other countries that are facing concentrated epidemics among IDUs and have many addicts and especially IDUs in their prisons these experiences and strategies may be implemented to reduce and control HIV in prisons. It is recommended to conduct further studies to measure the quality of interventions. Additionally, since Harm Reduction programs cover a large group of people in Iran's prisons, it may provide a good ground for studying positive outcomes as well as deficiencies and problems of Harm Reduction activities to be utilized in the prisons all around the world.

As one of the study limitations, the data used in this study was extracted from the data collected by HIV/AIDS Surveillance System over a period of 13 years. The data may not have the same quality over the mentioned period; since the data had not been intended for a research, it might have some biases. Another limitation is that its response rate is not clear and it is likely the people who rejected doing the test were those who were infected with HIV.

Conclusion
==========

Intravenous drug injection can lead to the spread of HIV/AIDS in prisons and societies all over the world. In regions and countries where the epidemic is highly prevalent among IDUs and prisoners, MMT and development of Triangular Clinics can be utilized to control HIV/AIDS epidemic quickly.
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